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(54) HYDROGEN GAS DETECTION MEANS FOR WIND TURBINES

(57) The invention relates to a wind farm (20) com-
prising a plurality of wind turbines (1), each wind turbine
(1) comprising a generator (2), a nacelle (6), and a tower
(4) supporting the nacelle (6). Each of at least two of the
wind turbines (1) further comprises an electrolytic unit (3)
electrically coupled to the generator (2) of said wind tur-
bine (1) for producing hydrogen and a hydrogen output
(8) for transporting the produced hydrogen out of the wind
turbine (1). Each hydrogen output (8) is connected to a
manifold (10) by means of a manifold input (11), wherein
the manifold (10) is arranged below sea level (30) and
comprises a manifold output (12) configured to be con-
nected to a hydrogen pipeline (21) for transporting the
hydrogen produced by the wind farm (20) out of the wind
farm (20).
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Description

[0001] The present invention relates to a wind farm
comprising a plurality of wind turbines.
[0002] Wind turbines are increasingly used for the gen-
eration of electrical energy. A wind turbine typically com-
prises a tower and a nacelle mounted on the tower, to
which a hub is attached. A rotor is mounted at the hub
and coupled to a generator. A plurality of blades extends
from the rotor. The blades are oriented in such a way that
wind passing over the blades turns the rotor, thereby driv-
ing the generator. Hence, the rotational energy of the
blades is transferred to the generator, which then con-
verts the mechanical energy into electricity and transfers
the electricity to the electrical grid.
[0003] Wind turbines are placed at locations providing
high wind amounts. These locations can be remote on-
shore locations or offshore locations on the sea. For the
transportation of the electrical energy, the power gener-
ated by the generator of the wind turbine travels to a
transmission substation of the wind farm, where it is con-
verted to high voltage, usually between 130765kV, for
long distance transmission on the transmission grid over
power lines. The transmission grid connects the remote
location of the wind farm to a transformer station of the
electrical grid, which transforms the electricity to a volt-
age compatible with the electrical grid.
[0004] A problem of remote wind farms is that the dis-
tance between the wind farm and the transformer station
of the electrical grid needs to be bridged. Long power
lines with very high installation costs are required.
[0005] The current development of the technology of
wind turbines tends to an increased size of wind turbines
for harvesting more wind energy, with longer blades and
higher towers. Due to the increasing size of wind turbines,
more power is supplied to the grid which is to be trans-
ported from the wind farm to the nearest input point of
the grid. Increasing the power transferred over the long-
distance power lines results in higher requirements for
the cables and higher costs.
[0006] To reduce the amount of energy transferred by
the power lines of the transmission grid or to avoid the
use of long-distance power lines completely, an electro-
lytic unit can be installed in the vicinity of the wind turbine.
A wind turbine comprising an electrolytic unit generates
electrical power by means of the generator and hydrogen
by means of the electrolytic unit driven by at least a part
of the power of the wind turbine.
[0007] Electrolytic units are power-to-gas units config-
ured to produce hydrogen. Hence, the energy produced
by the wind turbine may be used in an electrolysis proc-
ess to generate hydrogen and oxygen. These gases can
be used afterwards for the generation of electrical energy
in fuel cells or to produce chemicals, such as ammonia
or methane. The produced gases from the electrolytic
unit can be transported by using a pipeline or by pressu-
rizing the gas into a container, which is less expensive
than transporting electricity directly over long-distance

power lines. The transport of hydrogen, in particular in a
pipeline system, is less expensive than transporting elec-
tricity directly to shore.
[0008] Hence, there is a need to provide a safe trans-
portation system for hydrogen produced by wind turbines
to a desired destination.
[0009] The use of electrolytic units in combination with
wind turbines is known from the prior art, for example in
the document US 5,592,028 A, where a plurality of elec-
trolysis cells is connected to a wind farm and produce
hydrogen by means of the electricity produced by the
generators of the wind turbines. Similarly, the document
WO 2020/095012 A1 describes an offshore wind turbine
system for the largescale production of hydrogen, which
includes a floating tower structure with a desalination unit
and an electrolysis unit.
[0010] In offshore, a plurality of wind turbines compris-
ing each an electrolytic unit is arranged in a wind farm.
The electrolytic units of the wind turbines are connected
in parallel to the hydrogen pipeline for exporting the pro-
duced hydrogen to the desired location, usually an on-
shore location. This connection of the pipeline with the
output of the electrolytic units is done subsea.
[0011] There is a risk of hydrogen leakage at pipeline
connections below sea level, which might result in the
gas rising to the surface of the body of water. If a large
amount of gas is released through the leakage, there is
a risk of ignition of the emerging gas, e.g., if it comes into
contact with electrical equipment above sea level, there-
by resulting in an explosion which could damage the wind
turbine components or vessels, as well as workers work-
ing there. The gas leakage represents a safety hazard.
[0012] It is an object of the invention to provide a wind
farm which can detect hydrogen leakages below sea lev-
el, thereby mitigating the risk of explosion at the wind
farm.
[0013] This is achieved by a wind farm according to
claim 1.
[0014] According to the invention, a wind farm com-
prises a plurality of wind turbines. Each wind turbine com-
prises a generator, a nacelle, and a tower supporting the
nacelle.
[0015] The tower has a first end mounted to a base of
the wind turbine and a second end supporting the nacelle
[0016] According to the invention, each of at least two
of the wind turbines further comprises an electrolytic unit
electrically coupled to the generator of said wind turbine
for producing hydrogen and a hydrogen output for trans-
porting the produced hydrogen out of the wind turbine.
[0017] Hydrogen is produced from an input fluid, in par-
ticular water, by means of the energy produced by the
generator of the wind turbine.
[0018] Hence, the generator generates electric power
and supplies the electrolytic unit with at least a part of
the power generated, as both components are electrically
coupled.
[0019] Due to the fluctuation of the power generation,
depending for example on weather conditions and wind
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levels, it is difficult to foresee the power output of a wind
turbine to the electricity grid or to an energy storage de-
vice. By using a part of the energy produced by the gen-
erator to produce hydrogen, the fluctuations can be mit-
igated. The hydrogen can be taken out of the wind turbine
by a system outlet, or a hydrogen output coupled to an
output of the electrolytic unit.
[0020] Hence, at least a part of the energy produced
by the generator can be used to power an electrolytic
unit, so that the electricity grid is not overloaded by peaks
of power generation of the fluctuating power generation
facility. Additionally, if a problem in the output to the elec-
tricity grid occurs, the power can be redirected completely
to the electrolytic unit so that only hydrogen, is produced.
The hydrogen produced is usually in a gaseous state,
which can be compressed and/or mixed with other com-
ponents to a liquid state which is easier to store and/or
transport.
[0021] The electrolytic unit can also be a mixed gas
generator which performs electrolysis and generates oth-
er gases. For example, the electrolytic unit can perform
electrolysis on water and carbon dioxide to generate a
mixed gas made of hydrogen and carbon monoxide. Al-
ternatively, hydrogen can be mixed with natural gas,
which increases the hydrogen/carbon ratio of the hydro-
gen and gives it a flame speed up to eight times higher
than compressed natural gas.
[0022] The electrolytic unit can be housed in a housing.
Due to the harsh environmental conditions of wind turbine
locations, the components of the electrolytic unit are ex-
posed to rain and dirt, as well as to salt for offshore wind
turbines installed at the sea. This results in a fast corro-
sion of the metals of the components. In order to prevent
corrosion, components of the wind turbine installed com-
prising metallic parts exposed to the atmosphere, such
as an electrolytic unit installed on the platform of the wind
turbine, are usually housed in a housing.
[0023] According to the invention, each hydrogen out-
put is connected to a manifold by means of a manifold
input, wherein the manifold is arranged below sea level
and comprises a manifold output configured to be con-
nected to a hydrogen pipeline for transporting the hydro-
gen produced by the wind farm out of the wind farm.
[0024] The connection of the manifold with the hydro-
gen output of each wind turbine can be achieved by in-
dividual gas pipelines between the gas producing wind
turbines and the manifold.
[0025] The manifold is coupled to a hydrogen pipeline
by means of a manifold output.
[0026] According to the invention, the wind farm further
comprises gas detection means for detecting a hydrogen
leak at the manifold.
[0027] The gas detection means are configured to de-
tect a leakage of gas and warn the operators and/or au-
tomatically shut down the wind turbine and/or stop the
production of hydrogen to mitigate any risks which could
originate from an explosion of emerging gases parting
from the hydrogen leakage.

[0028] According to a preferred embodiment of the in-
vention, the gas detection means is arranged above the
manifold in such a way that hydrogen leaking from the
manifold can be captured by the gas detection means.
[0029] The gas detection means is arranged above the
manifold, i.e., at a lower water depth than the manifold
or in other words closer to the sea level than the manifold.
By arranging the gas detection means above the mani-
fold, gas leakage can be more easily captured, as the
density of the hydrogen gas is much lower than the one
of water and the hydrogen rises from the leakage up-
wards. The rising gas is then captured by the gas detec-
tion means, which results in two advantages. Firstly, the
emerging gases from the leakage can be safely stored
at the gas detection means, thereby preventing the gases
from rising to the surface of the body of water. Secondly,
by installing a sensor or any other type of detector for
detecting, directly or indirectly, the presence of hydrogen,
the workers can be warned, and the risks of an explosion
are mitigated. The workers can then perform the neces-
sary repairment tasks of the hydrogen leakage at the
manifold.
[0030] Alternatively, the manifold can be arranged
within the gas detection means. In this case, the gas de-
tection means also protects the manifold against currents
and marine growth. If the gas detection means complete-
ly seal the manifold, pressure relief means can be in-
stalled to avoid any pressure increase due to a leakage.
[0031] According to another preferred embodiment of
the invention, the gas detection means comprises buoy-
ancy means such as a buoy.
[0032] Buoyancy means provide an upward force to
support at least in part the downward force due to the
weight of the gas detection means, thereby keeping the
gas detection means above the manifold and avoiding a
crash between the gas detection means and the mani-
fold.
[0033] The buoyancy means can be a single buoy, or
a plurality of buoys arranged at the gas detection means.
The buoyancy means can be coupled by wires or any
other coupling means to the surface of the gas detection
means or be installed directly on the surface of the gas
detection means. The buoyancy means can also be ar-
ranged within the body of the gas detection means or
below the gas detection means.
[0034] According to another preferred embodiment of
the invention, the gas detection means comprises a con-
tainer filled with a filling fluid. The filling fluid has a higher
density than hydrogen. The filling fluid can have a lower
density than the water of the body of water in which the
wind farm is installed. Alternatively, the filling fluid can
have a similar density than the water in which the wind
farm is installed.
[0035] The container comprises at least an opening for
allowing the hydrogen to enter the container. Preferably,
the container comprises the at least one opening at a
surface facing the manifold so that gas leaking from the
manifold can enter through the opening and get inside
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the container. The container can for example be a box
placed above the manifold with the face of the box facing
the manifold being a at least partially open surface, so
that leaked gas exiting the manifold can be captured by
the box.
[0036] After installing the gas detection means and be-
fore any hydrogen gas leakage occurs, the container is
filled up to a certain fill level with the filling fluid.
[0037] In case of a hydrogen leakage from the mani-
fold, the leaked hydrogen enters the container of the gas
detection means through the opening. As hydrogen has
a lower density than the filling fluid, the hydrogen rises
to the top of the container while pushing the filling fluid
out of the container through the opening through which
the hydrogen entered the container. This will result in the
fill level of the filling fluid inside the container to drop,
which can be detected by sensing means.
[0038] According to another preferred embodiment of
the invention, the filling fluid is water. Water is available
onsite, as the wind turbine is erected in a body of water.
Therefore, water can easily flow in and out of the con-
tainer. In addition, in case of a hydrogen leakage, the
water within the container is replaced by the hydrogen
and the water inside the container can be withdrawn di-
rectly to the body of water without having to properly dis-
pose of it, as it is the same fluid.
[0039] According to another preferred embodiment of
the invention, the container comprises a level sensor con-
figured to detect the fill level of the filling fluid, wherein
the level sensor comprises floating means configured to
float on the filling fluid such as a float arm and a floating
body coupled to a first end of the float arm.
[0040] The level sensor can be positioned inside the
container and comprise a float arm and a floating body
coupled to a first end of the float arm. As one example,
the pivotable float arm of the level sensor utilizes the
buoyancy of the floating body to measure the fill level of
the container.
[0041] Additionally, level sensor can be electrically
connected to a control unit for signaling a change of the
fill level inside the container.
[0042] The angular position of the float arm and the
floating body can provide an indication of the fill level of
the container.
[0043] The float arm may pivot about a pivot point (e.g.,
pivotable base). The float arm can be coupled between
the pivotable base and the floating body. The float arm
can bend at a right angle to form a float arm elbow. As
the floating body moves up or down relative to the fill
level, the float arm pivots about the pivot point.
[0044] A resistor can be installed between the float arm
and the surface on which the pivot point is arranged.
Through the pivoting of the float arm, the distance be-
tween the coupling points of the resistor will change, re-
sulting in a change in resistance measurement with which
the fill level can be determined.
[0045] Alternatively, a translational float arm can be
installed, which moves in a longitudinal direction follow-

ing the fill level of the filling fluid. The resistor can then
be installed between the float arm and an end of the trans-
lational axis on which the float arm can move.
[0046] According to another preferred embodiment of
the invention, the level sensor is configured to detect a
leakage of hydrogen by detecting when the floating
means sink below a threshold value. This is advanta-
geous, as workers can be notified when a critical level of
leaking gas has been reached.
[0047] According to another preferred embodiment of
the invention, the filling fluid is air. Air has, like water, a
higher density than hydrogen. Therefore, the level of air
will drop when hydrogen enters the container and air will
be withdrawn through the opening of the container. As
air is an environmentally friendly gas, it can be withdrawn
directly to the body of water without having to properly
dispose of it.
[0048] Additionally, by having the container filled with
air, the components within the container will not corrode
as fast as with other fluids such as saltwater from the
body of water. This results in a longer lifetime of the com-
ponents of the gas detection means, in particular the
sensing means installed within the container.
[0049] According to another preferred embodiment of
the invention, the container comprises a hydrogen sensor
configured to detect the hydrogen leak. Once the fill level
of the container drops and the hydrogen sensor gets in
contact with the hydrogen, it can send a warning to notify
workers of the leak.
[0050] According to another preferred embodiment of
the invention, the gas detection means is attached to the
manifold by wires. Wires provide a strong coupling to
maintain the gas detection means at the desired position.
[0051] An alternative to wires to attach the gas detec-
tion means are anchors.
[0052] According to another preferred embodiment of
the invention, the gas detection means is coupled to the
manifold by means of a fluid connection. This is advan-
tageous, as a hydrogen leak at the manifold is directly
transported to the gas detection means without the risk
that strong currents shift the hydrogen leak away from
the gas detection means before entering them.
[0053] According to another preferred embodiment of
the invention, the wind farm comprises a baseplate or
mud mat placed on a bottom, preferably on a seabed,
and coupled to the gas detection means for providing a
support to the gas detection means. This is advanta-
geous for the stability of the gas detection means against
strong currents.
[0054] According to a preferred embodiment of the in-
vention, the gas detection means comprises a ballast
weight providing a downward force on said gas detection
means. A ballast weight is an antibuoyancy means. To-
gether with the buoyancy means, an equilibrium position
of the gas detection means can be determined which is
able to withstand the strong currents of the body of water.
The ballast weight is coupled to the gas detection means
in such a way that the downward force of the ballast
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weight is conveyed to the other components of the gas
detection means, such as the container.
[0055] Preferably, the ballast weight is made of con-
crete. Alternatively, coarse gravel can also be used,
which provides ballast weight at low cost. The gravel can
be filled in after the gas detection means is deployed at
the installation place.
[0056] Preferably, the ballast weight rests on the
ground of the body of water.
[0057] According to another preferred embodiment of
the invention, the gas detection means is reinforced, in
particular with a mesh of steel bars at the body of the gas
detection means. Such a mesh extends within the body
as a skeleton. A skeleton improves stiffness, so the body
is able to better withstand any bending strain it is sub-
jected to. This also makes the gas detection means more
pressure resistant at different water depths.
[0058] According to another preferred embodiment of
the invention, the manifold and the gas detection means
can be arranged at a gas producing wind turbine. Alter-
natively, the manifold and the gas detection means can
be arranged at a wind turbine which does not produce
gas, i.e., which has no electrolytic unit.
[0059] According to another preferred embodiment of
the invention, the manifold and the gas detection means
are arranged inside the tower of the wind turbine.
[0060] Arranging the manifold and the gas detection
inside the tower protects the components against marine
growth and strong currents.
[0061] According to another preferred embodiment of
the invention, the manifold and the gas detection means
are arranged at or inside a foundation of the wind turbine.
[0062] Arranging the manifold and the gas detection
at the foundation protects the components against ma-
rine growth and strong currents.
[0063] According to another preferred embodiment of
the invention, the manifold and the gas detection means
are housed in a housing. This protects the components
against marine growth and strong currents.
[0064] According to another preferred embodiment of
the invention, the gas detection means comprises trans-
mitting means for sending a warning signal about the
hydrogen leak. The transmitting means transmit output
signals from the sensing means to a control unit or to any
other evaluation means, for example to give feedback
about the fill level of the container or to warn about a
hydrogen leakage. The transmitting means may be any
kind of transmitting means, such as a cable or wireless
transmitting means, such as a wireless local network
emitter.
[0065] According to another preferred embodiment of
the invention, the transmitting means are wireless trans-
mitting means.
[0066] According to another preferred embodiment of
the invention, the wind farm further comprises a control
system for monitoring the hydrogen flow.
[0067] The control system can monitor the hydrogen
flow to check for example if there is a leakage and the

electrolytic unit should be shut down to avoid any explo-
sions which could damage the wind turbine components
and workers. The control system can monitor the flow
and the pressure of the hydrogen at the manifold or inside
the pipelines.
[0068] According to another preferred embodiment of
the invention, the manifold comprises a further manifold
output configured to be connected to a further hydrogen
pipeline for transporting the hydrogen produced by the
wind farm out of the wind farm.
[0069] Having two hydrogen pipelines ensures that, in
case of failure due to for example an obstruction of the
pipeline, hydrogen can still be exported through the sec-
ond pipeline. This avoids that hydrogen builds up in the
pipelines and a pressure increase, which can result in an
explosion.
[0070] According to another preferred embodiment of
the invention, the plurality of wind turbines is arranged in
at least two wind turbine arrays comprising at least one
manifold and one gas detection means per wind turbine
array, wherein the manifold of each wind turbine array is
coupled to the manifold of at least another wind turbine
array by means of a hydrogen connection.
[0071] The interconnection of the manifold of wind tur-
bine arrays has the advantage that the flow of hydrogen
can be diverted to another manifold if one pipeline of a
specific wind turbine array fails due to for example an
obstruction. Hence, the hydrogen can still be exported
out of the wind farm through another wind turbine array
by diverting the flow through the operational wind turbine
arrays and then exporting the hydrogen out of the wind
farm.
[0072] According to another preferred embodiment of
the invention, the manifold of each wind turbine array is
directly connected to the hydrogen pipeline and/or to any
further hydrogen pipeline for transporting the hydrogen
produced by the wind farm out of the wind farm.
[0073] This is particularly advantageous for an efficient
extraction of hydrogen out of each manifold in case of
obstructions or due to maintenance reasons and it further
mitigates the risk of an explosion due to accumulated
hydrogen.
[0074] According to another preferred embodiment of
the invention, further gas detection means are arranged
above the gas detection means to detect a leakage of
the gas detection means.
[0075] According to another preferred embodiment of
the invention, the manifold is coupled to a plurality of array
[0076] According to another preferred embodiment of
the invention, the plurality of wind turbines is arranged in
at least two wind turbine arrays, wherein each wind tur-
bine array is connected to a manifold, wherein the man-
ifold is arranged below sea level and comprises a man-
ifold output configured to be connected to a hydrogen
pipeline for transporting the hydrogen produced by the
wind farm out of the wind farm, wherein the plurality of
wind turbines further comprises gas detection means for
detecting a hydrogen leak at the manifold.
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[0077] Alternatively, a leakage at the gas detection
means can be detected by checking if the filling fluid is
still present in the container, if the filling fluid is a fluid
different from the water of the body of water. This can be
detected by the level sensor or by any other sensor in-
stalled at the gas detection means.
[0078] In order to facilitate the understanding of the
characteristics of the invention and being an integral part
of this specification, some drawing sheets are attached
on which figures, with an illustrative but not limiting char-
acter, the following is represented:

Figure 1 shows a wind farm comprising a plurality of
wind turbines connected to a manifold according to
a first embodiment of the invention.

Figure 2 shows a gas detection means above the
manifold according to a second embodiment of the
invention.

Figure 3 shows another gas detection means above
the manifold according to another embodiment of
the invention.

Figure 4 shows a gas leakage at the manifold.

Figure 5 shows the gas detection means arranged
above the manifold.

Figure 6 shows the manifold arranged within the gas
detection means.

Figure 7 shows a gas detection means comprising
a level sensor.

Figure 8 shows a gas detection means comprising
two ballast weights.

Figure 9 shows a gas detection means comprising
a ballast weight and coupled to a mud mat placed
on the seabed.

Figure 10 shows a plurality of interconnected wind
turbine arrays according to an embodiment of the
invention.

Figure 11 shows a plurality of interconnected wind
turbine arrays according to another embodiment of
the invention.

Figure 12 shows a plurality of interconnected wind
turbine arrays according to another embodiment of
the invention.

[0079] Figure 1 shows a wind farm 20 comprising a
plurality of wind turbines 1. The wind turbines comprise
each a generator 2, a nacelle 6, and a tower 4 supporting
the nacelle 6, as well as an electrolytic unit 3 electrically

coupled to the generator 2 for producing hydrogen and
a hydrogen output 8 for transporting the produced hydro-
gen out of the wind turbine.
[0080] Each hydrogen output 8 is connected to a man-
ifold 10 by means of a manifold input 11, wherein the
manifold 10 is arranged below sea level 30 and compris-
es a manifold output 12 configured to be connected to a
hydrogen pipeline 21 for transporting the hydrogen pro-
duced by the wind farm 20 out of the wind farm 20.
[0081] The wind farm 20 further comprises gas detec-
tion means 40 for detecting a hydrogen leak at the man-
ifold 10.
[0082] Figure 2 shows a gas detection means 40 ar-
ranged above the manifold 10, i.e., at a lower water depth
than the manifold 10 or in other words closer to the sea
level 30 than the manifold 10.
[0083] The manifold 10 comprises a plurality of mani-
fold inputs 11 connected to the gas producing wind tur-
bines 1 and one manifold output 12 connected to the
hydrogen pipeline 21.
[0084] The gas detection means 40 is coupled to the
manifold 10 by means of two fluid connections 45.
[0085] The gas detection means 40 comprises a buoy
as the buoyancy means 41 and a container 44 filled with
a filling fluid 43. A hydrogen sensor 42 is arranged inside
the container 44 within the filling fluid 43 to detect the
presence of hydrogen in the container 44.
[0086] Figure 3 shows another gas detection means
40 above the manifold 10 according to another embodi-
ment of the invention. In this embodiment, the gas de-
tection means 40 comprises a container 44 and is cou-
pled to the manifold 10 by a plurality of wires 46.
[0087] The container 44 is a box placed above the man-
ifold 10 with the face of the box facing the manifold 10
being a at least partially open surface, so that leaked gas
exiting the manifold 10 can be captured by the box.
[0088] Figure 4 shows a gas leakage at the manifold
10. The leaked hydrogen is captured by the gas detection
means 40, whereby the hydrogen pushes the filling fluid
43 out of the container 44, lowering the fill level of the
filling fluid 43 and resulting in the hydrogen sensor 42 to
be exposed to the hydrogen, thereby detecting the pres-
ence of hydrogen in the container 44.
[0089] Figure 5 shows the gas detection means 40 ar-
ranged above the manifold 10. Gas leaking from the man-
ifold 10 is then captured by the gas detection means 40
while it rises up.
[0090] Figure 6 shows the manifold 10 arranged within
the gas detection means 40. In this embodiment, the gas
detection means 40 also protects the manifold 10 against
currents and marine growth.
[0091] Figure 7 shows a gas detection means 40 com-
prising a level sensor 47. The level sensor 47 comprises
floating means 48 configured to float on the filling fluid.
[0092] The level sensor 47 is positioned inside the con-
tainer 44 and the floating means 48 are a float arm and
a floating body coupled to a first end of the float arm. The
float arm of the level sensor utilizes the buoyancy of the
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floating body to measure the fill level of the container 44.
[0093] Figure 8 shows a gas detection means compris-
ing two ballast weights 49. The ballast weights 49 provide
a downward force on the gas detection means 40. To-
gether with the buoyancy means 41, an equilibrium po-
sition of the gas detection means 40 is determined which
is able to withstand the strong currents of the body of
water. The ballast weights 49 are coupled to the body of
the gas detection means 40 by arms.
[0094] Figure 9 shows a gas detection means 40 com-
prising a ballast weight 49 and coupled to a mud mat 51
placed on the seabed 50 by means of legs. This config-
uration is advantageous for the stability of the gas detec-
tion means 40 against strong currents.
[0095] The gas detection means 40 is coupled to the
manifold 10 by means of two fluid connections 45. It is
also possible to couple the gas detection means 40 is
coupled to the manifold 10 by wires 46 and to have the
face of the gas detection means 40 facing the manifold
10 open so that gas emerging from the manifold 10 are
captured by the gas detection means 40.
[0096] Figures 10 to 12 show a plurality of intercon-
nected wind turbine arrays 23 in different configurations.
The manifold output 12 and the further manifold output
of each wind turbine array 23 is connected to either a
neighboring wind turbine array 23 or to a hydrogen pipe-
line 21.
[0097] A similar connection as the one shown in Fig-
ures 10 to 12 can be done with a plurality of wind farms
20 by having the manifold 10 of each wind farm 20 cou-
pled to the manifold 10 of at least another wind farm 20
by means of a hydrogen connection.

Reference numbers

[0098]

1 Wind turbine
2 Generator
3 Electrolytic unit
4 Tower
6 Nacelle
7 Platform
8 Hydrogen output

10 Manifold
11 Manifold input
12 Manifold output

20 Wind farm
21 Hydrogen pipeline
23 Wind turbine array

30 Sea level

40 Gas detection means
41 Buoyancy means
42 Hydrogen sensor

43 Filling fluid
44 Container
45 Fluid connection
46 Wire
47 Level sensor
48 Floating means
49 Ballast weight

50 Seabed
51 Mud mat

Claims

1. A wind farm (20) comprising a plurality of wind tur-
bines (1), each wind turbine (1) comprising a gener-
ator (2), a nacelle (6), and a tower (4) supporting the
nacelle (6), wherein each of at least two of the wind
turbines (1) further comprises an electrolytic unit (3)
electrically coupled to the generator (2) of said wind
turbine (1) for producing hydrogen and a hydrogen
output (8) for transporting the produced hydrogen
out of the wind turbine (1),

wherein each hydrogen output (8) is connected
to a manifold (10) by means of a manifold input
(11), wherein the manifold (10) is arranged be-
low sea level (30) and comprises a manifold out-
put (12) configured to be connected to a hydro-
gen pipeline (21) for transporting the hydrogen
produced by the wind farm (20) out of the wind
farm (20),
characterized in that said wind farm (20) fur-
ther comprises gas detection means (40) for de-
tecting a hydrogen leak at the manifold (10).

2. The wind farm (20) according to claim 1, wherein the
gas detection means (40) is arranged above the
manifold (10) in such a way that hydrogen leaking
from the manifold (10) can be captured by the gas
detection means (40).

3. The wind farm (20) according to claim 1 or 2, wherein
the gas detection means (40) comprises a container
(44) filled with a filling fluid (43) having a higher den-
sity than hydrogen, wherein the container (44) com-
prises at least an opening for allowing the hydrogen
to enter the container (44).

4. The wind farm (20) according to claim 3, wherein the
filling fluid (43) is water.

5. The wind farm (20) according to claim 3 or 4, wherein
the container (44) comprises a level sensor (47) con-
figured to detect the fill level of the filling fluid (43),
wherein the level sensor (47) comprises floating
means (48) configured to float on the filling fluid (43)
such as a float arm and a floating body coupled to a
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first end of the float arm.

6. The wind farm (20) according to claim 3, wherein the
filling fluid (43) is air.

7. The wind farm (20) according to claim 3 or 6, wherein
the container (44) comprises a hydrogen sensor (42)
configured to detect the hydrogen leak.

8. The wind farm (20) according to any of the preceding
claims, wherein the gas detection means (40) is at-
tached to the manifold (10) by wires (46).

9. The wind farm (20) according to any of the preceding
claims, wherein the gas detection means (40) is cou-
pled to the manifold (10) by means of a fluid connec-
tion (45).

10. The wind farm (20) according to any of the preceding
claims, wherein said wind farm (20) comprises a
baseplate or mud mat (51) placed on a bottom, pref-
erably on a seabed (50), and coupled to the gas de-
tection means (40) for providing a support to the gas
detection means (40).

11. The wind farm (20) according to any of the preceding
claims, wherein the gas detection means (40) com-
prises a ballast weight (49) providing a downward
force on said gas detection means (40).

12. The wind farm (20) according to any of the preceding
claims, wherein the gas detection means (40) com-
prises buoyancy means (41) such as a buoy.

13. The wind farm (20) according to any of the preceding
claims, wherein the manifold (10) and the gas de-
tection means (40) are arranged at or inside a foun-
dation of the wind turbine (1).

14. The wind farm (20) according to any of the preceding
claims, wherein the gas detection means (40) com-
prises transmitting means for sending a warning sig-
nal about the hydrogen leak.

15. The wind farm (20) according to any of the preceding
claims, wherein the plurality of wind turbines (1) is
arranged in at least two wind turbine arrays (23) com-
prising at least one manifold (10) and one gas de-
tection means (40) per wind turbine array (23),
wherein the manifold (10) of each wind turbine array
(23) is coupled to the manifold (10) of at least another
wind turbine array (23) by means of a hydrogen con-
nection.
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